Background {#s5}
==========

Figures from the World Health Organisation suggest that hearing loss is the second most frequent sensory deficit affecting an estimated 360 million people worldwide \[[@R01], [@R2]\]. Hearing loss consistently ranks in the top 20 causes (out of 259 causes) of years lived with a disability \[[@R3]\]. The prevalence of hearing loss increases with age, which has serious implications for a global population in which the proportion of elderly people is rising at unprecedented rates according to the World Health Organisation \[[@R4]\]. The WHO estimates that approximately one third of the population aged over 65 have a disabling hearing loss \[[@R01], [@R2]\]. The standard management for adult onset hearing loss, at least in the developed world, is hearing aid fitting \[[@R5]\]. Most people fitted with hearing aids have autonomy over whether they are used or not, and research suggests up to 40 % of people who are fitted with hearing aids do not wear them \[[@R6]\]. In addition to the negative impacts on patients such as depression, cognitive decline and reduced quality of life \[[@R14]\], this represents an inefficient use of audiologists' time and a considerable waste of resources especially in health economies where hearing aids are provided by the state. Previous reviews have explored the range of reasons for non-use \[[@R26], [@R27]\]. A strength of these reviews is that they have been informed by patient self-reported reasons for non-use such as difficulty manipulating the controls, poor perceived benefit, lack of social support or stigma. However, a potential limitation is that they have lacked a theoretical basis to structure the investigation and analysis of reasons for non-use. This means that some potential drivers of behaviour, particularly those where people may lack insight such as automatic or habitual behaviours, have been neglected as avenues for intervention development. Behavioural problems like this are not unique to hearing healthcare. It is estimated that between a quarter and a half of patients with chronic disease have problems adopting and maintaining behaviour such as taking medication and following a diet or exercise plan \[[@R28], [@R29]\].

A theory-based analysis of the factors that might influence hearing aid use suggests that audiologist behaviour, such as self-management support (SMS), might play an important role in influencing patient behaviour \[[@R30]\]. Some types of SMS can improve some outcomes for adults with hearing loss in the short term\[[@R35]\]. However, there is a lack of evidence regarding the effects of SMS that actively involves people with hearing loss in planning their own care, despite evidence from other long-term conditions that collaborative planning including goal-setting, action-planning and problem-solving helps patients change their behaviour and improve their health \[[@R36], [@R37]\]. There is also a lack of evidence for the long-term effects of any intervention including SMS---a serious issue in the context of a long-term condition \[[@R38], [@R39]\]. There is evidence suggesting further opportunities to use SMS in the context of audiology such as involving the patient and significant others in shared consideration of need and decision-making \[[@R40]\]. However, little research into the use of SMS has been undertaken at the hearing aid fitting stage of the patient journey \[[@R44]\] and no research has examined the role of behavioural theory in encouraging the routine implementation of SMS in this context.

The multi-component nature of SMS and the interrelationship of clinician and patient behaviour in the context of a long-term condition imply that any intervention targeting behaviour in this context will be complex. This research uses the Medical Research Council (MRC) model for the development and evaluation of complex interventions \[[@R45], [@R46]\]. The framework calls for the use of theory during the development phase of intervention development but provides no information or advice on how to choose an appropriate theory. Unfortunately, there is a confusing array of theories on offer, often with differently named but similar constructs. This has been cited as a reason why theory has been so rarely used and reported in studies seeking to change patient or healthcare professional behaviour \[[@R47]\]. In addition, there has been little guidance on moving from theory to intervention development \[[@R51]\].

Recently, a supra-theory model has been developed as a starting point for intervention development. Michie et al. propose that people need the capability (C), opportunity (O) and motivation (M) to perform a behaviour (B) and developed the COM-B model to guide understanding of behaviour in context and develop behavioural targets as a basis for intervention design \[[@R52]\]. The model provides a starting point and can signpost to psychological theories of, for example, motivation if a more granular theoretical understanding of behaviour is required. Importantly, the COM-B model has been developed as part of a larger system called the behaviour change wheel (BCW) \[[@R51], [@R52]\], which is designed to help intervention developers move from a behavioural analysis of the problem to intervention design in a systematic way using the evidence base. The steps of the BCW have been mapped onto the phases of the MRC framework by researchers seeking to integrate the use of theory with intervention design \[[@R53]\].

The BCW has been applied successfully in a number of contexts \[[@R54], [@R55]\]. It has been recognised as a potentially effective strategy to guide intervention development and implementation in audiological practice \[[@R56]\], but it has not yet been applied in this context. In this paper, we describe how each of the steps of the BCW has been operationalised to guide the development of an intervention in audiology. The intervention seeks to introduce and embed selected self-management support behaviours into the clinical routine of audiologists with the aim of improving the long-term use of hearing aids by adults with acquired hearing loss.

Methods {#s6}
=======

Using the integrated model of the MRC framework and BCW steps described by Sinnott et al. \[[@R53]\], we followed the BCW process \[[@R52]\] through the development phase of the MRC framework. [Figure 1](#F01){ref-type="fig"} describes the steps of the BCW process.

![The steps of the BCW process with the COM-B model at the centre, intervention functions and policy categories](abm_09843-f1){#F01}

Step 1---Define the Problem in Behavioural Terms {#s7}
------------------------------------------------

The distinctions and links between behaviour and outcome are poorly defined in the context of hearing loss \[[@R57]\]. We first searched the literature detailing the negative consequences of hearing loss for adults with acquired hearing loss and the literature detailing a link between hearing aid use (behaviour) and amelioration of these negative consequences (outcomes). This allowed us to define the problem of poor outcomes for people with acquired hearing loss in behavioural terms (low levels of hearing aid use).

We also searched the relevant literature on hearing aid use to establish the extent of and reported reasons for non-use. We identified several individual studies reporting rates of hearing aid use and non-use \[[@R6]\] and two recent systematic reviews that summarise reported reasons for non-use \[[@R26], [@R27]\]. We used the COM-B model to categorise reasons for non-use reported in these reviews.

Step 2---Select the Target Behaviour {#s8}
------------------------------------

The second step of the BCW process is to select a target behaviour which could address the behavioural problem. All behaviours, including hearing aid use, occur within a system of other competing or contributing behaviours. To identify a target behaviour, we first carried out a systematic review of interventions to improve hearing aid use, using the Chronic Care Model \[[@R31]\] as a framework for our analysis. We were interested in the effect of the behaviour of providers on patient behaviour. The method for this systematic review has been published elsewhere \[[@R35]\].

To refine our target, we carried out a Delphi review of SMS in audiology \[[@R58]\] involving 26 stakeholders including hearing aid users, providers and researchers. The aim was to assess consensus on which key behaviours support self-management in this context. We then combined the results of the existing systematic reviews on hearing aid use, our own systematic review and the Delphi review to develop a conceptual map of behaviours relevant to hearing aid use. The behavioural target(s) were further refined during qualitative work with audiologists and patients to identify which of the potential candidate behaviours were already taking place and which were missing from routine hearing aid fitting consultations \[[@R59]\]. This information was used to inform our judgements on final target behaviour selection using the criteria set out in the BCW guide: the likely impact of changing the behaviour; the likelihood that behavioural change would be implemented, the spill-over or knock-on effect of change on other behaviours and the ease with which each behaviour could be measured \[[@R52]\].

Step 3---Specify the Target Behaviour {#s9}
-------------------------------------

In the third step, we developed a specification of who would perform the target behaviours, what they would need to do differently to achieve change, where and when they need to do it and, if necessary, how often and with whom.

Step 4---Identify What Needs to Change {#s10}
--------------------------------------

Moving from the MRC sub-phase of identifying the evidence base to identifying and developing theory, we used the COMB model as a framework for an analysis of potential drivers of the target behaviours, using semi-structured interviews. The methods for this qualitative analysis are published elsewhere \[[@R60]\].

Steps 5 and 6---Identify Intervention Functions and Policy Categories {#s11}
---------------------------------------------------------------------

Using decision grids published in the BCW guide and the APEASE criteria \[[@R52]\], we selected intervention functions and policy categories to address the driving factors identified in the behavioural analysis (steps 5 and 6). The decision grids provide evidence- and theory-based guidance on which intervention functions and policy categories might be used to address particular COM-B elements. The APEASE criteria allow researchers to select context-appropriate intervention functions and policy categories based on affordability, practicability, effectiveness/cost-effectiveness, acceptability, side effects/ safety and equity.

Step 7---Identify Behaviour Change Techniques {#s12}
---------------------------------------------

During the final stages of intervention development, we stepped outside the BCW to select specific behaviour change techniques to deliver the intervention functions selected in step 5. The BCW has been linked to a taxonomy of behaviour change techniques---the behaviour change technique taxonomy, version 1 \[[@R52], [@R61]\]. The taxonomy allows systematic and transparent selection of specific techniques that have been shown in practice or in theory to serve particular intervention functions. This allows the detailed components or active ingredients of an intervention to be linked back to theory via the BCW and COM-B analysis. Once again, the APEASE criteria were used to select individual behaviour change techniques to address each intervention function.

Step 8---Identify Mode of Delivery {#s13}
----------------------------------

In the final step, we identified delivery options for the behaviour change techniques, giving careful consideration to the context in which this intervention will be implemented. Useful information was obtained from the audiologists who participated in the qualitative studies and this was supplemented by one of the researchers (FB) who has experience in audiological practice as a clinical scientist. This informed application of the APEASE criteria to select specific modes of delivery.

Results {#s14}
=======

Step 1---Define the Problem in Behavioural Terms {#s15}
------------------------------------------------

Our literature search suggested that many negative health and psychosocial consequences of poorly managed acquired hearing loss can be ameliorated by hearing aid use \[[@R20], [@R62], [@R63]\], providing a rationale for addressing hearing aid use. Two behavioural problems arose from this analysis: low levels of uptake of hearing healthcare and sub-optimal levels of hearing aid use once they are fitted. We chose to address the second problem as this pertains more to the direct clinical consultation, an area with which our research team had more experience. The low level of uptake of hearing healthcare services represents a public health issue which we felt others were better able to address. Estimates of hearing aid non-use amongst adults with acquired hearing loss vary from 5 to 40 % \[[@R6]\]. The true extent of non-use is open to debate since different methods of data collection and different lengths of follow-up cloud the picture. We therefore defined the behavioural problem in this context as being the long-term use of hearing aids by adults with acquired hearing loss.

Two systematic reviews summarise a wide range of reported reasons for non-use \[[@R26], [@R27]\]. Using the COM-B model as a frame of reference highlights that some of the factors reported as influencing hearing aid use relate to capability, e.g. inability to physically manage the hearing aid, forgetting to put the hearing aid in and some to opportunity, e.g. cost, lack of support from family and poor follow-up services and information. Reflective motivation is also a factor, e.g. believing that hearing aid use is stigmatising or assessing hearing aid use as less important than other competing behaviours. Automatic motivational factors have not been explicitly investigated in the context of hearing aid use.

Step 2---Select the Target Behaviour {#s16}
------------------------------------

Using the results of these systematic reviews, supplemented with clinical expertise and psychological theory, we developed a conceptual map of behaviours pertinent to hearing aid use as shown in [Fig. 2](#F02){ref-type="fig"}. Some of these behaviours relate to the person with the hearing loss, but many involve other people, including the audiologists with whom they interact.

Our own systematic review of interventions to improve hearing aid use suggested that some types of SMS can improve some outcomes for adults with acquired hearing loss, at least in the short term. There is a lack of evidence about the effect on long-term outcomes. A lack of evidence and poor description of the active components of interventions also makes it difficult to assess the effect of specific types of SMS on behaviour such as hearing aid use, particularly those that seek to support patients to become involved in their own care \[[@R35]\]. The Delphi review of SMS in adult auditory rehabilitation suggested there is consensus that a range of different types of SMS, including those that seek to actively involve patients, should be a routine part of the clinical consultation \[[@R58]\]. We therefore chose to focus our attention on the interaction between the patient and audiologist and particularly on the fitting consultation since little work have focused on this to date \[[@R44]\].

[Figure 2](#F02){ref-type="fig"} illustrates the complexity inherent in many behavioural contexts. Clearly, it would be impractical and unnecessary to implement and evaluate an intervention aimed at all these behaviours. For example, some of them may already be addressed by current service provision or research. Our qualitative work with audiologists in hearing aid fittings shows there are opportunities for audiologists to provide information about the benefits of hearing aid use or the consequences of non-use, discuss prompts or cues for hearing aid use and engage in collaborative planning behaviour \[[@R59]\]. These behaviours are not already addressed within current service provision, but evidence suggests they may be effective and are therefore likely to have impact. They will be relatively easy to implement, have the best chance of influencing other behaviours and their delivery will be relatively easy to measure.

![Behaviours relevant to hearing aid use](abm_09843-f2){#F02}

To address the behavioural problem of long-term hearing aid use by adults with hearing loss, we therefore chose to develop an intervention targeted at implementing and embedding these audiologist behaviours in the routine hearing aid fitting consultation.

### Step 3---Specify the Target Behaviour {#s17}

Our specification of the target behaviours is provided in [Table 1](#T01){ref-type="table"}.

### Step 4---Identify What Needs to Change {#s18}

We used the COM-B model as a framework to analyse what needs to change in order for audiologists to engage in the target behaviours. We have summarised the analysis for each target behaviour below.

#### Provide Information about the Benefits of Hearing Aid Use and the Consequences of Non-Use {#s19}

The qualitative study of behaviour in routine hearing aid fitting appointments showed that audiologists do provide verbal and written information on some of the health, social and environmental consequences of hearing aid use for patients when they attend for hearing aid fitting. Patients report they might benefit if the content could be supplemented with more information regarding the benefits of hearing aid use and the disbenefits of non-hearing aid use. Delivery of this information would be relatively simple. Audiologists demonstrably already have the physical and psychological capability, social opportunity and reflective and automatic motivation to distribute verbal and written information since our study of behaviour during hearing aid fitting consultations shows they are already doing it. They currently lack physical opportunity in that they do not have access to augmented content that includes a focus on the potential benefits of hearing aid use.

#### Discuss Prompts or Cues for Hearing Aid Use {#s20}

The provision of a prompt to remind patients to use their hearing aids should also be relatively simple. People with hearing loss attending for hearing aid fitting could be given a prompt as part of the package they already receive and asked to place it somewhere where it will remind them to insert and use their hearing aids, or they could be given instruction on how to decide on and use their own prompt. Deciding what this should be or where the prompt should be placed could form part of a collaborative planning process. Like the provision of information, audiologists lack access to such a cue card for patients. However, this behaviour is less familiar than providing information. The use of prompts and cues in the promotion of habitual behaviour is not common practice in audiology and therefore there is also likely to be an issue with psychological capability in terms of knowing why and how to discuss the use of prompts with patients.

###### 

Specification of target behaviours

  Target behaviour                                                               Who                                    What                                                                                   When                              Where
  ------------------------------------------------------------------------------ -------------------------------------- -------------------------------------------------------------------------------------- --------------------------------- --------------
  Provide realistic information of benefits of hearing aid use                   Audiologist                            Give written info                                                                      During each fitting appointment   Fitting room
  Provide information on negative consequences on non-use                        Audiologist                            Give written info                                                                      During each fitting appointment   Fitting room
  Provide prompts or triggers                                                    Audiologist                            Give physical item to act as a cue or discuss other triggers                           During each fitting appointment   Fitting room
  Collaborate to develop a plan for using aid(s) that promotes habit formation   Audiologist/person with hearing loss   Work together to create a written plan for when, where etc. hearing aid will be used   During each fitting appointment   Fitting room

#### Engage in Collaborative Behaviour Planning {#s21}

In terms of planning behaviour, audiologists reported psychological capability, physical and social opportunity and reflective and automatic motivation as important drivers for their own behaviour change in hearing aid fitting consultations. The participants reported that they felt they already had the psychological skills and strength to engage in collaborative planning but that it was really important that they gain an understanding of why planning is needed and how to do it.

Participants reported that having access to a planning template would be helpful. It was important that this could be accessed easily from, and attached to, the electronic patient record. However, the biggest factor mediating behaviour in terms of physical opportunity was having time to engage in collaborative planning with patients while meeting requirements to complete other component behaviours important for hearing aid use such as giving instruction and practice at using the aid. The audiologists felt that being part of a team, all of whom were engaged in the same behaviour, would make the behaviour more likely to occur. This influenced motivation but also had practical benefits in terms of the availability of advice.

Participants reported that believing planning to be a good thing was an important motivating factor, mediated by psychological capability. They also felt they would benefit from planning in advance how and where to incorporate collaborative behaviours and planning into their current routines so that it interfered as little as possible with any competing behaviours such as the need to do real ear measurement or give instruction. Participants reported being strongly motivated by seeing a positive outcome for their behaviour either directly or indirectly. They also reported being strongly driven by habitual processes, recognising that they rely on these already to ensure that important parts of the consultation are not forgotten and to reduce mental effort.

Step 5---Identify Intervention Functions {#s22}
----------------------------------------

For each target audiologist behaviour, we used the APEASE criteria to select intervention functions to address the COM-B elements identified in step 4. Psychological capability and physical opportunity were identified as potential drivers relevant to audiologists giving additional information and providing prompts for hearing aid use. The grid published in the BCW guide \[[@R52]\] suggests that education, training, restriction, environmental restructuring and enablement could address these drivers. In this context, restrictive interventions, like formulating rules such that competing information was restricted or reduced, making it more likely that the target information was distributed, were judged to be unacceptable with possible side effects. Providing education and training in how to use prompts to address psychological capability and environmental restructuring to address physical opportunity were judged to meet the APEASE criteria in this context. Enablement was also considered as a possible intervention function but was judged to be unnecessary if the drivers could be addressed using the other three functions.

For the final behaviour of collaborating with patients to create a behavioural plan for hearing aid use, audiologists report that psychological capability, physical and social opportunity and reflective and automatic motivation all play a role. According to the BCW guide, all of the intervention functions might be applicable in this context. Persuasion was judged unlikely to be effective as audiologists did not report that emotion influenced whether they were likely to engage in planning or not. Incentivisation was judged to be impractical in this context. Restriction was judged to be impractical, unacceptable and possibly unsafe. The remaining intervention functions of education, coercion, training, environmental restructuring, modelling and enablement were all judged to be potentially relevant and met the APEASE criteria in this context.

Step 6---Identify Policy Categories {#s23}
-----------------------------------

The potential choice of policy category is more open than when moving from COM-B analysis to intervention function. However, the context within which change is implemented may place more limits on the choice of policy category. This is reflected in the application of the APEASE criteria in the context of this research. We judged communication, fiscal measures and legislation to be either impractical or unlikely to be effective in this context. Environmental planning could be used to deliver the environmental restructuring changes needed so that the working environment of the audiologist is conducive to the behaviour changes to be implemented. This along with changes in service provision specified in the intervention design could deliver all the selected intervention functions and individual behaviour change techniques. Should the intervention prove effective, then the changes in service provision could be written into guidelines, and possibly even a regulatory framework, at a later date. However, at this stage in intervention development and feasibility testing, we judged that environmental restructuring and service provision were appropriate policy categories in this context.

Step 7---Identify Behaviour Change Techniques {#s24}
---------------------------------------------

Using the BCW guide \[[@R52]\] and version 1 of the behaviour change technique taxonomy \[[@R61]\], we reviewed the behaviour change techniques (BCTs) most commonly used to deliver each of the selected intervention functions. Using the APEASE criteria once again, we selected appropriate BCTs for each intervention function. A summary of the BCTs employed in this intervention is given in [Table 2](#T02){ref-type="table"} alongside the intervention functions that they serve and the COM-B elements that they address. For example, we elected to give information about the health and social consequences of the target behaviours to serve the intervention function of education and address psychological capability (increasing knowledge of why planning is important) and reflective motivation (changing beliefs about the positive value of planning). An element of coercion could be used to address automatic motivation by making it more attractive to engage in planning behaviour than to omit it. Training will be served by a combination of instruction, demonstration and practice at performing the behaviours to influence psychological capability (training in how to make a behaviour plan), physical opportunity (training audiologists how to make plans in a time-efficient way) and automatic motivation (to prompt rehearsal and repetition of planning in a consistent context so that it is more likely to become part of the clinical routine). Providing an example of the target behaviour during training for audiologists to imitate also serves the intervention function of modelling, further addressing automatic motivation. The provision of an accessible template and prompt for planning serves the function of environmental restructuring to address physical opportunity and automatic motivation. Increasing social support from other staff also serves this function by addressing social opportunity. Training that includes an opportunity for audiologists to set goals, action-plan and problem-solve regarding when, where and how they will engage in planning and discuss prompts with their patients during the fitting consultation serves the function of enablement, addressing audiologists' reflective and automatic motivation.

Since a major portion of this intervention is focused on asking audiologists to help patients make a behaviour plan for hearing aid use, we have called our intervention the 'I-PLAN'.

Step 8---Identify Mode of Delivery {#s25}
----------------------------------

Individual BCTs may be delivered in various modes and formats. For example, education may be delivered face-to-face, online or in writing. In this case, since the behaviour that we would like audiologists to try is being conducted face-to-face in fitting consultations, we have chosen to deliver training in a face-to-face format. This will facilitate demonstration and practice of the target behaviours. During the feasibility testing phase of the intervention development and evaluation, the training will be delivered by one of the research team, who is also an audiologist but, in the longer term, the training is designed to be deliverable by any audiologist who has used the intervention with patients. Modelling the intervention they will implement with patients, audiologists will collaborate with a trainer during a 45-min face-to-face group training session to produce an I-PLAN of their own, detailing their behavioural goals, e.g. to create an I-PLAN with their patients, action-planning for how they will do this and problem-solving to address factors that might prevent them from doing it. In creating their 'plan for planning' during training, audiologists will use the same electronic template that they will use with patients when planning hearing aid use. The modelling nature of the training is an efficient way to demonstrate both how to make an I-PLAN and the benefits of doing so; both were reported by audiologists as important drivers of behaviour change. The mode of delivery will also reinforce the message that this intervention is time efficient, a component that audiologist participants in the behavioural analysis identified as an important influence on their behaviour in this context. Delivering training that takes longer or is more involved is also felt to be unrealistic in terms of wider, future implementation.

###### 

Active ingredients of the I-PLAN intervention

  BCT                                                       Code (from BCTTv1)   Definition (from BCTTv1)                                                                                                                                                                       Intervention functions served   COM-B elements addressed
  --------------------------------------------------------- -------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------- --------------------------
  Goal setting (behaviour)                                  1.1                  Set or agree a goal defined in terms of the behaviour to be achieved                                                                                                                           Enablement                      Auto M Ref M
  Problem solving                                           1.2                  Analyse or prompt the person to analyse factors influencing the behaviour and generate or select strategies that include overcoming barriers and/or increasing facilitators                    Enablement                      Auto M Ref M
  Action planning                                           1.4                  Prompt detailed planning of performance of the behaviour (must include one of context, frequency, duration and intensity). Context may be environmental or internal                            Enablement                      Auto M Ref M
  Instruction on how to perform a behaviour                 4.1                  Advise or agree on how to perform the behaviour                                                                                                                                                Training                        Psych C Phys O AutoM
  Information about health consequences                     5.1                  Provide information (e.g. written, verbal, visual) about health consequences of performing the behaviour                                                                                       Education                       Psych C Auto M Ref M
  Information about social and environmental consequences   5.3                  Provide information (e.g. written, verbal, visual) about social and environmental consequences of performing the behaviour                                                                     Education                       Psych C Auto M Ref M
  Demonstration of the behaviour                            6.1                  Provide an observable sample of the performance of the behaviour, directly in person or indirectly e.g. via film, pictures for the person to aspire to or imitate                              Training, modelling             Psych C Phys O AutoM
  Prompts/cues                                              7.1                  Introduce or define environmental or social stimulus with the purpose of prompting or curing the behaviour. The prompt or cue would normally occur at the time or place of performance         Environmental restructuring     Phys O Auto M
  Behavioural practice/ rehearsal                           8.1                  Prompt practice or rehearsal of the performance of the behaviour one or more times in a context or at a time when the performance may not be necessary, in order to increase habit and skill   Training                        Psych C Auto M
  Habit formation                                           8.3                  Prompt rehearsal and repetition of the behaviour in the same context repeatedly so that the context elicits the behaviour                                                                      Training                        Psych C Auto M
  Restructuring the social environment                      12.2                 Change or advise to change the social environment in order to facilitate performance of the wanted behaviour or create barriers to the unwanted behaviour (other than prompts/                 Environmental restructuring     Soc O
  Adding objects to the environment                         12.5                 cues, rewards or punishments) Add objects to the environment in order to facilitate performance of the behaviour                                                                               Environmental restructuring     Phys O Auto M
  Punishment                                                14.2                 Arrange for aversive consequence contingent on the performance of the unwanted behaviour                                                                                                       Coercion                        Auto M

During each fitting consultation subsequent to training, audiologists who do not create a patient I-PLAN will be directed, via the electronic patient record, to complete a more complex form outlining the reasons why they did not complete it.

Audiologists will receive an 'i-can I-PLAN' card which they will be asked to place somewhere where it will act as a cue to engage in planning for hearing aid use with patients. The reverse of the card lists some evidence-based advantages of such planning for themselves and their patients. Audiologists will also be provided with similar cards to issue to patients who can use them as a prompt to remind them to put their hearing aid in. The reverse of the patient cards will list some potential benefits of hearing aid use. Thus, the educative BCTs of providing information about the consequences of planning and the use of prompts will be provided in written form that mirrors the information provided to patients about the benefits and consequences of hearing aid use.

Development of individual components of intervention delivery were informed by the active involvement of a steering group consisting of two hearing aid users and two audiologists to ensure that they were acceptable to both sets of stake holders. A logic model for the implementation and evaluation of the intervention is shown in [Fig. 3](#F03){ref-type="fig"}.

![Logic model showing intervention levels and feasibility evaluation as recommended in MRC guidance on process evaluations \[[@R64]\]](abm_09843-f3){#F03}

Discussion {#s26}
==========

This paper describes the development of an intervention to improve hearing aid use in adult auditory rehabilitation, using the behaviour change wheel, to operationalise the development phase of the MRC framework for complex interventions. The intervention is called I-PLAN. To our knowledge, this is the first theory-based intervention to focus on audiologist behaviour during hearing aid fittings.

I-PLAN involves supporting audiologists to provide patients with information about the benefits of hearing aid use and the consequences of non-use, prompts for hearing aid use and a behavioural plan for starting and maintaining hearing aid use. The audiologist-targeted intervention mirrors the elements provided to patients so that they are provided with information about the benefits of their own behaviour change, prompts to carry out the behaviours and a behavioural plan for starting and maintaining the behaviours.

Comparison with Other Work {#s27}
--------------------------

The BCW has been used in other contexts to develop interventions. Several illustrative examples are given in the BCW guide, targeting both patient and healthcare professional behaviour \[[@R52]\]. Recently, Sinnott et al. published their description of how they used the BCW to develop an intervention to improve medication management in multi-morbid patients by general practitioners \[[@R53]\]. This detailed description of the development process, using the stages of the BCW, follows the same path as our study. This demonstrates how the same BCW process can be applied in different contexts, producing context-specific theory-based intervention design using a generic process.

Strengths and Weaknesses {#s28}
------------------------

Sinnott et al. give a rounded discussion of the advantages and disadvantages of using a structured, bottom-up approach to intervention development using the BCW \[[@R53]\]. Similarly, we value a systematic and structured approach which allowed the integration of evidence synthesis and generation. Although some subjective judgement is required in operationalising the later steps of the BCW, the structure allows these judgements to be made in a transparent way. Like Sinnott et al., we did find the process to be lengthy, taking 3 years from problem identification to intervention design. However, we did feel that the process might be followed more quickly in other contexts, particularly those where systematic reviews and preparatory relevant qualitative work have already been undertaken.

Unlike Sinnott et al. and other COM-B-based intervention designs \[[@R54]\], we are explicitly addressing two levels of behavioural problem (sub-optimal levels of hearing aid use and sub-optimal engagement in information giving, use of prompts and behavioural plans) in two inter-related target populations (adults with acquired hearing loss and audiologists). This adds an additional level of complexity. A particular strength of the BCW approach is the focus at the outset on understanding the behaviour, the context within which it occurs and the interrelationship between the different people interacting within the system of behaviour. This allowed us to elucidate the links between professional and patient behaviour in this context from the beginning and to incorporate this into the intervention development rather than only during feasibility testing. However, this additional complexity has resulted in a complex, multi-layered intervention. We have also chosen to include several audiologist behaviours rather than focusing on one. We recognise that this will require careful evaluation during the next feasibility testing phase of the research \[[@R64]\].

Implications for Future Research {#s29}
--------------------------------

This research shows how the BCW can be applied across contexts to address not just a single behavioural problem but sets of inter-related behaviours. The success of this approach however has yet to be tested.

The conceptual map developed as part of this work presents several other promising targets for intervention development in this context, notably for the ongoing work on the involvement of the family and friends of the person with the hearing loss \[[@R21], [@R44], [@R65]\].

The use of the behaviour change technique taxonomy allows explicit definition of the active ingredients of an intervention, and the link with the BCW means that individual BCTs can be linked back to theory. This should allow replication and facilitate data synthesis. Identification of the active ingredients of an intervention was an issue that arose during our systematic review of interventions to improve hearing aid use \[[@R35]\]. Clearer specification of the links between behaviour and outcome and the techniques employed to change behaviour would be beneficial in future research in hearing healthcare.

Conclusions {#s30}
===========

This paper describes the development of an intervention to improve long-term hearing aid use in adult auditory rehabilitation: I-PLAN. The I-PLAN intervention development has followed a systematic, transparent process using the behaviour change wheel to operationalise the first development phase of the MRC framework for complex interventions. This research demonstrates how this approach can be applied in parallel to multi-level behavioural problems. The feasibility of the I-PLAN will be tested in the next phase of this research using a cluster-randomised implementation trial.
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